Background/Aims: The aim of this prospective study was to estimate gender differences in anxiety, depression, and alcohol use severity among patients with alcohol use disorder (AUD) before and after detoxification program and within 12 months after discharge. Methods: AUD severity, state and trait anxiety, and depression were assessed in 187 patients entering an inpatient alcohol detoxification program. Follow-up assessments were performed at 6 and 12 months after discharge. A between-and within-subjects analyses explored gender differences. The predictive value of anxiety and depression for alcohol relapse was analyzed by logistic and linear regression in both genders. Results: Females had higher levels of anxiety and depression than males both at admission and after discharge. Trait anxiety and depression significantly increased 6 months after discharge in males and females respectively. Both state and trait anxiety levels at the 6-month follow-up predicted alcohol relapse at the 12-month follow-up in males. Conversely, in females, depression level at the 6-month follow-up was a predictor of relapse at the 12-month follow-up. Conclusions: In both genders, the psychopathological dimension that showed the most significant worsening at 6-month follow-up (i.e., anxiety in males and depression in females) was found to be a significant predictor of relapse at the 12-month follow-up.
Gender Differences in Anxiety and

Introduction
Alcohol use disorder (AUD) is a maladaptive pattern of alcohol use, leading to clinically significant impairment or distress [1] . In the last 20 years, epidemiological studies, such as the Epidemiologic Catchment Area and National Epidemiologic Survey on Alcohol and Related Conditions, have reported a high lifetime prevalence of psychiatric disorders among patients with AUD ranging from 38 to 39.5% [2, 3] . Anxiety and depressive disorders have been shown to be more prevalent in AUD patients in both epidemiological surveys [2] [3] [4] [5] [6] [7] [8] [9] and clinical trials [10] [11] [12] . Indeed, anxiety and depressive disorders are associated with a greater risk of relapse following alcohol detoxification (OR 4.4, 95% CI 1.8-10.1 for anxiety disorders and OR 2.1, 95% CI 1.3-3.4 for depressive disorders of relapse at 1 year) [13, 14] .
Many important differences between males and females have emerged regarding alcohol drinking behaviors and patterns, related to both biological (sex-related) and psycho-socio-cultural (gender-related) factors [15] . Depressive symptoms appear to be implicated in the development of AUD in women and to impact the frequency of high-risk drinking situations [16] . Gender differences in alcohol relapse have been correlated with different mood states [17] . The association between gender differences in depressive symptoms and risk of relapse was assessed in a retrospective study, where the burden of symptoms in women was found to correlate with an increased risk of relapse [18] . Moreover, females with AUD showed to be more prone to drink in negative emotional situations than males, although this does not seem to be related to the presence of depressive or anxiety disorders [19] . A recent prospective observational study focusing on gender differences during alcohol detoxification found a correlation between negative affect and craving, especially in women [20] . However, to the best of our knowledge, there have been no prospective studies on gender differences in anxiety and depression levels before versus after alcohol detoxification.
The aims of this study were to evaluate gender differences in trait and state anxiety and depression at admission, at discharge, and within 12 months following alcohol detoxification, and to determine whether levels of anxiety/depression could be used as gender-specific factors to predict the likelihood of relapse and the severity of alcohol use within 12 months after detoxification.
Methods
Sample and Enrolment
A consecutive sample of patients admitted for inpatient alcohol detoxification treatment was recruited at the Hospital Complex "Fatebenefratelli" in San Maurizio Canavese (Turin, Italy) between September 1, 2013 and December 1, 2014. According to the hospital regulation, the admission is allowed to adult patients (at least 18 years old) referred and diagnosed with Diagnostic and Statistical Manual of Mental Disorders, 4rd ed., text rev. DSM-IV-TR AUD (i.e., both alcohol abuse and alcohol dependence) by a territorial addiction outpatient service ("Servizio per le dipendenze patologiche") specialist (i.e., psychiatrist or MD trained in addictive medicine), who must also exclude a diagnosis of any DSM-IV-TR substance use disorder. Moreover, all patients were screened by urinalysis prior to admission to exclude substance use (i.e., Cannabis, Cocaine, Opiates, Amphetamines, Methamphetamines, Barbiturates, Benzodiazepines, Buprenorphine, Methadone). The inclusion and exclusion criteria for participating in the study were consistent with criteria applicable for those who were ready for hospital admission.
The research protocol was not submitted to local Ethics Committee because, according to Italian Law, the approval was requested only for experimental and observational studies on pharmacological treatments. Nevertheless, patients were provided with comprehensive information regarding the aims, methods, risks, and benefits of the study. All patients signing a written informed consent form received a unique identification code in order to maintain data anonymity and patient confidentiality. All precautions were taken for the management of sensitive data, and participants were not given monetary compensation for their involvement.
Alcohol Detoxification Program
All patients admitted to the hospital stopped drinking alcohol. Detoxification treatment was based on a classical 1-week fixedschedule regimen [21, 22] . During hospitalization, other psychopharmacological treatments were administered according to the evidence-based recommendations described in the American Psychiatric Association Practice Guidelines [23] . Several nonpharmacological treatments, such as parent-training intervention, short-term individual psychotherapy, group psychotherapy, motivational enhancement therapy, and nutrition education, were included at the discretion of the clinician. In accordance with the observational study design, the investigators were not actively engaged in providing treatment. All additional therapeutic interventions were recorded as dichotomous variables in the study database.
Study Design
The longitudinal design of the observational study consisted of 4 stages of observation and assessment: baseline assessment (T0); discharge assessment (T1); first follow-up at 6 months after discharge (T2); and second follow-up at 12 months after discharge (T3). The T0 assessment was made on the seventh day of hospitalization and involved the collection of both sociodemographic information (date of birth, gender, marital status, education, living conditions, and employment) and alcohol intake-related data (age at onset of alcohol use, age at onset of alcohol abuse, previous admission(s) for detoxification, and current pharmacological treatment), and the administration of assessment tools. The severity of alcohol use was evaluated using the AUDs Identification Test (AUDIT) [24] . Baseline psychopathology was estimated using the State-Trait Anxiety Inventory -Form Y (STAI-Y) [25] and the Beck Depression Inventory (BDI) [26] . At discharge, only anxiety and depression were assessed using STAI-Y and BDI. All followups included the assessment of alcohol use severity, state/trait anxiety, and depression by AUDIT, STAI-Y, and BDI respectively. From the patient's perspective, failure to sign the written informed consent form or to attend the follow-up appointments was considered refusal. In order to plan the follow-up controls, patients were asked to contact the hospital 1 week before follow-ups expiration dates by letter and e-mail, and they were also called by phone twice/week during 2 weeks after follow-ups expiration dates. Patients who could no longer be contacted at T1 and T2 were considered lost to follow-up. 
Assessment Tools
The AUDIT consists of a 10-item core questionnaire that according to the manual should be administered after the clinical screening procedure is completed. Total score ranges from 0 to 40, is questionnaire-based only, and gives a reliable estimate of the severity of alcohol use in the preceding year [27] . In addition to alcohol dependence, this tool explores the risk of alcohol intake-related physical/mental harm arising from hazardous or harmful drinking conduct. The international and Italian versions of this tool have both been verified for their good psychometric properties [28, 29] . In accordance with the AUDIT manual, 3 threshold values were used to identify 4 zones of risk and intervention. In the present study, patients with a score on the first item of 0 were considered abstinent; thus, all patients with scores above 0 on first item at follow-up were considered relapsed. Moreover, since the study design included a 6-month scheduled follow-up, the time reference of the questionnaire was reduced from 12 to 6 months.
STAI-Y and BDI were used to achieve continuous measurement of anxiety and depression symptoms respectively. The STAI-Y inventory consists of 40 items and is specifically designed to assess both trait and state anxiety. STAI-Y has been proven to have good psychometric properties for assessing patients with AUD (internal reliability, α = 0.86-0.95) [25, 30] . The total score for each type of anxiety ranges from 20 to 80, with higher scores suggesting greater levels of anxiety. The STAI-Y has been translated and validated in its Italian version [31] . Similarly, the BDI index is a well-established 21-item tool for the quantitative assessment of depressive symptoms and is widely used in psychological research [32] . It has good psychometric proprieties, with an internal consistency that is good to excellent (α = 0.83-0.96; [33] ) and it has been translated and validated in Italian language [34] . Many studies have concluded that the BDI is a rational choice of screening tool for depression in an AUD population [35, 36] .
Statistical Analysis
All computations were performed using the IBM SPSS Statistics for MACOS package version 22.0 (IBM Corporation, Armonk, NY, USA).
Gender comparison of baseline data was performed using the Pearson's χ 2 test or Fisher's exact test for categorical variables, depending on the expected frequencies in each group. Mean differences in continuous variables were evaluated using the independent samples t test or the Mann-Whitney U test, depending on whether the distribution of variables was normal or non-normal, as determined by the Shapiro-Wilk test.
A generalized linear model for repeated measures was applied to analyze gender differences in longitudinal variations of state anxiety, trait anxiety, and depression. This model consists of both multivariate and univariate analyses of variance. STAI-Y and BDI scores at the 4 assessment stages (T0, T1, T2, T3) were used as the within-subject variables, and gender was used as the between-subject factor. The effect sizes of both within-and between-subject factors obtained by variance analysis are reported as a partial Etasquared (η 2 p ) value. The Huyny-Feldt epsilon correction for degrees of freedom was applied when the sphericity assumption was not met for the main effects of state anxiety, trait anxiety, depression, and alcohol use severity. Pairwise comparisons of mean scores at different stages of assessment were made by repeated contrasts (T0 vs. T1, T1 vs. T2, T2 vs. T3, and T3 vs. T0) and are reported as mean differences with a Sidak-corrected 95% CI.
Logistic and linear regression analyses were also performed to evaluate the predictive value of anxiety and depression for relapse and for alcohol use severity respectively. Two logistic regression models were carried out for each gender, using relapse (yes/no) at T2 and T3 as a dichotomous outcome. Two linear regression models for each gender were instead applied to relapsed patients only, using AUDIT scores as a continuous outcome. Both logistic and linear models concerning T2 outcomes were calculated using STAY-S, STAY-T, and BDI scores at both T0 and T1 and AUDIT scores at T0 as independent variables. All models regarding T3 outcomes also included STAY-S, STAY-T, BDI, and AUDIT scores at T2. Baseline sociodemographic, alcohol intake-related, and treatment variables were initially compared by univariate analysis. Subsequently, those that were significantly different between abstinent and relapsed subjects were used as covariates in both logistic and linear regression models. Probability tests were considered bilateral with a type I error set at 5% (p = 0.05).
Results
The enrolled sample consisted of 187 patients, of whom 146 attended both the 6-and 12-month follow-up appointments. All patients had a negative admission drug urine test and accepted to participate in the study, giving written informed consent; thus, no patient was excluded from the study.
A total of 41 patients who had agreed to participate in the study and had signed informed consent forms, nonetheless, became non-contactable before follow-up: 23 patients (12.3%) were lost to follow-up before T2 and an additional 18 patients (9.6%) lost contact before T3. These 41 lost patients were thus excluded from the longitudinal analysis. However, a comparison between responders and lost patients showed no statistically significant differences in baseline sociodemographic, alcohol intake-related, or other variables studied (online suppl. Table 1 , see www.karger.com/doi/10.1159/000490046).
Half of our patient population had never undergone detoxification, whereas the remainder had been detoxified at least once. Taking into account responders only, the comparison between genders for age and alcohol intake-related variables did not show any differences (Table 1) . On average, both males and females started drinking alcohol at the age of 18, began to abuse it 14 years later (age 32), and were admitted to a detoxification unit at about age 46. According to baseline AUDIT scores, almost the entire study sample showed high-risk drinking habits (zone IV), without any significant gender differences ( Table 1) .
The gender comparison of nonpharmacological treatment in responders did not find any statistically significant differences (Table 2) .
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Outcome of Detoxification At T2, 78 (47.6%) of the 164 patients remaining in the study relapsed to drinking alcohol; they presented scores indicating various health risks, and there were no gender differences (Fisher's exact test = 2.90, p = 0.419). According to the AUDIT scores, 54 patients (32.9%) had high health risk (zone IV, 41 males vs. 13 females), 6 (3.7%) had hazardous drinking (zone III, males vs. 2 females), 12 (7.3%) were excessive drinkers (zone II, 7 males vs. 5 females), and 6 (3.7%) had low health risk (zone 1, 3 males vs. 3 females). A total of 86 patients (52.4%) maintained abstinence.
At T3, 78 (53.4%) of the 146 patients remaining in the study relapsed to drinking alcohol, of which 14 (9.6%) relapsed between T2 and T3. No gender differences in terms of AUDIT zone risk were found (Fisher's exact test = 1.72, p = 0.709): 50 patients (34.2%) had high health risk (zone IV, 39 males vs. 11 females), 5 patients (3.4%) had hazardous drinking (zone III, 3 males vs. 2 females), 6 patients (4.1%) had excessive drinking (zone II, 5 males vs. 1 female), 17 patients (11.6%) showed a low risk drinking (zone I, 10 males vs. 7 female). A total of 68 patients (46.6%) were considered abstinent at T3. Table 3 ).
Gender Differences in Anxiety, Depression, and Alcohol Use at Different Stages of Observation
At admission, females showed higher levels of state anxiety, trait anxiety, and depression, whereas their alcohol use severity did not differ from that of males (Table 3 ; Fig. 1-4) . At discharge, levels of state and trait anxiety remained significantly higher in females, whereas no gender differences were observed for depression. At first follow-up, only depression levels were significantly higher in females than in males, whereas at the 12-month followup, both state anxiety and depression levels were higher in females than in males (Table 3) .
Gender Differences in Longitudinal Changes in Anxiety, Depression, and Alcohol Use
Both genders significantly improved between admission and discharge in state anxiety, trait anxiety, and depression (Table 4) , although females showed a greater improvement in depression levels than males (n = 146; time × gender T0-T1 contrast, F[1, 142] = 11.43, η 2 p = 0.086, p = 0.001). The improvement that was achieved in all of the clinical variables during detoxification remained significant in both genders within 12 months after discharge (Table 4 , T0-T2 and T0-T3 mean differences in STAY-S, STAY-T and BDI). Moreover, no significant worsening in state anxiety was observed in either gender between T1 and T2 and between T2 and T3, whereas in males, trait anxiety significantly worsened between T1 and T2 (Table 4 ). Depression levels in both genders significantly worsened during the 12 months following discharge (Table 4 , BDI T1-T3 mean differences), although only females had significantly worse symptoms 6 months after discharge (Table 4 , BDI T1-T2 mean differences).
Regression Analysis
The Sidak-corrected univariate analysis estimation of baseline predictors revealed significant differences between relapsed and abstinent patients at both the T2 and T3 follow-ups. Therefore, 4 baseline variables (previous detoxifications, χ 2 5 , p = 0.002) were used as covariates in the logistic and linear regression models, which were used to evaluate the predictive value of anxiety and depression for relapse and drinking severity at T2 in female patients. Conversely, no baseline variable or nonpharmacological treatment was included as a covariate in the logistic and linear regression models for male patients. The logistic and linear models evaluating the predictive value of anxiety and depression for relapse and alcohol use severity at T3 included 3 baseline variables (previous detoxifications, χ 14, p = 0.042), indicating that predictors and covariates had no predictive value for alcohol use severity. Conversely, each of the 4 regression models, which were used to evaluate the predictive value of anxiety and depression for relapse and alcohol use severity at T3, reached sta- 
Discussion
The present study on patients with AUD reveals a more severe and different clinical presentation in women than in men with regard to anxiety and depression at ad- mission to an alcohol detoxification program. Consistent with previous studies [9, 15, 19, 20] , females with AUD suffered from higher levels of state/trait anxiety and depression than males. Although there is strong evidence of more severe drinking behaviors in men (for a review see Erol & Karpyak, 2015) , according to this study, females did not differ from males in alcohol use severity at time of admission to the inpatient detoxification program. This could be explained by the fact that AUDs needing hospitalization for detoxification usually show a severe pattern of alcohol consumption, regardless of gender. The alcohol detoxification program impacted anxiety and depression symptoms in both genders, but in contrast too previous findings [20] , the reduction of depressive symptoms severity was significantly greater in females than in males. During the 12 months following discharge, levels of anxiety and depression increased without reaching those levels encountered at admission, with specific gender differences; that is, males seemed to present state and trait anxiety symptoms more quickly than females, whereas females were more prone to experiencing worsening depressive symptoms. This particular gender characterization of psychopathology after detoxification has not yet been explicitly recognized by other studies. According to the regression analysis performed in this study, both state and trait anxiety levels assessed 6 months after discharge predicted alcohol relapse in the following 6 months in males, whereas in females, depression levels at the 6-month follow-up predicted relapse 12 months after discharge. Therefore, in both genders, the psychopathological dimension showing the most significant aggravation at the 6-month follow-up (i.e., anxiety for males and depression for females) was a significant predictor of relapse at the 12-month follow-up. The relationship between negative affect, unpleasant mood states, depression, and alcohol use, as well as the predictive value of depression for alcohol relapse in female with AUD has been shown in previous reports [15, 16, 18] . Furthermore, other studies have demonstrated that this relationship between negative affect and relapse among women may be mediated by craving [19, 20, 37] . In the present study, the extent of relapse appeared to correlate with the recurrence of trait anxiety, as the severity of alcohol use behavior was predicted by the level of trait anxiety in relapsed females. There has been no evidence in the literature for trait or state anxiety being a predictor for alcohol relapse, although anxiety disorders have been recognized as conceivable predictors for relapse [14] .
Taking into account the findings from our study on patients with AUD enrolled in an alcohol detoxification program, a gender-tailored approach that provides combined pharmacological and psychosocial intervention focused on state and trait anxiety for males and on depression/negative affect for females during the early and late post-discharge periods may be useful for reducing both individual risk of relapse and overall relapse rate, and for promoting long-term abstinence. A more straightforward implication of our findings in daily clinical practice is that the inclusion of specific assessment tools for depression and anxiety in follow-up examinations could help the specialist identify patients at high risk of alcohol relapse. A noteworthy finding, not concerning the aims of the study, was that trait anxiety, relatively stable personality trait consisting of feeling of apprehension, tension, and increased activity of the autonomic nervous system [31] , significantly decreased during admission in the whole sample but progressively increased in the months following admission in males only. This unexpected finding is partially consistent with that of Driessen et al. [38] who have already described changes in trait anxiety during detoxification, supporting a not well-recognized relationship between alcohol use/withdrawal and trait anxiety, which may involve the autonomic nervous system [39] .
The main strengths of this study were the longitudinal approach, the evaluation of the predictive value of psychopathological levels for relapse and the long post-discharge observation time. Moreover, the relapse rate observed in our sample was comparable to that reported in previous studies [4, 14, 40] . However, the study does have some potential limitations. First, although the detoxification treatment was fixed and scheduled and all nonpharmacological treatments were taken into account, we cannot exclude the potential influence of both pharmacological and nonpharmacological treatments on psychopathological variables, especially during the follow-up period when data regarding treatments were lacking. Second, the partial responses at 2 follow-up appointments (87.7% of 187 enrolled patients at 6 months; 78.1% at 12 months) might have led to a nonresponse bias, although no patients actually refused follow-up assessment, and nonresponders were lost patients who could no longer be contacted. Third, the time adjustment applied on AUDIT might affect its psychometric properties, but it allowed both a short and long-time follow-up assessments. Fourth, as the assessment of AUD, substance use disorders, and psychiatric disorders was made before the admission and thus outside the study design, our findings are so far from being considered generalizable. All evaluations were performed through self-rating instruments and questionnaires, and even if their psychometric proprieties and validity are well assessed, a clinician-administered test or interview could have improved the accuracy of the patient's assessment. Moreover, the collection of data concerning type and frequency of other addiction habits, especially tobacco smoking, could have improved the accuracy of predictors appraisal, reducing possible confounding effects.
Further studies are warranted to reach a more comprehensive evaluation of gender differences in AUD. A multicenter design could be considered in order to expand our knowledge on this subject. Moreover, these gender differences could be evaluated in other addictions, such as tobacco smoking or other substance use disorders, and in different clinical settings, such as both in outpatients and inpatients, taking into account also the effect of psychopharmacological treatments.
Conclusions
The findings of this study confirm the important role of gender differences in alcohol detoxification programs, with women showing higher levels of anxiety and depression before and after detoxification. The recurrence of anxiety and depressive symptoms in males and females 6 months after discharge predicted alcohol relapse at the 12-month follow-up. These findings provide support for a gender-tailored approach focusing on the assessment of specific symptoms in the early post-detoxification period to prevent alcohol relapse and promote long-term abstinence.
